Abstract. Zinc finger protein 185 (ZNF185) belongs to the ZNF family and is involved in cell proliferation and differentiation. To the best of our knowledge, the association between ZNF185 and male reproduction is unknown. In the present study, the expression and localization of ZNF185 in mouse testis, as well as its role in testosterone secretion, cell cycle progression and apoptosis of mouse Leydig cells were investigated. The results of the immunofluorescence analysis indicated that ZNF185 was highly expressed in Leydig cells of the mouse testis, and primarily localized in the cytoplasm. The results of quantitative polymerase chain reaction and western blot analyses further validated that ZNF185 expression was significantly higher in Leydig cells and sperm compared with that in Sertoli cells. Subsequently, the expression pattern of ZNF185 in mouse testis was determined at different developmental stages. The results demonstrated that the expression of ZNF185 was highest in the testis of 10-week-old mice and lowest in 2-week-old mice. Furthermore, the role of ZNF185 in Leydig cells of the mouse testis was investigated. Different concentrations of luteinizing hormone (LH) were used to stimulate the Leydig cells and subsequently the expression of ZNF185, and testosterone concentration was detected. The results revealed that LH upregulated the expression of ZNF185 and testosterone secretion, and ZNF185 expression was significantly positively correlated with testosterone secretion. To further validate whether ZNF185 was involved in testosterone secretion, lentiviral-mediated RNA interference was used to knock down ZNF185 expression in Leydig cells. The results demonstrated that ZNF185 expression and testosterone secretion of Leydig cells were decreased significantly. In addition, the results demonstrated that the knockdown of ZNF185 expression did not significantly affect cell cycle progression or apoptosis. Taken together, the results of the present study revealed that ZNF185 was highly expressed in Leydig cells of the testis and involved in the secretion of testosterone. These results have contributed to the elucidation of the mechanism underlying male reproduction and may provide a novel target for the treatment of infertility, and the development of a contraceptive vaccine.
Introduction
Most of the testosterone in the male is synthesized by the testicular Leydig cells (1, 2) , which is mainly involved in the male reproductive system, participating in the regulation of sexual differentiation, spermatogenesis, maintaining sexual behavior and promoting the development of the accessory sex gland (3) (4) (5) . The recent study shows that the testosterone secretion by Leydig cells is regulated by multiple genes (6) (7) (8) . Therefore, identification of novel regulatory genes is important for elucidating the regulation mechanism of testosterone secretion in Leydig cells and spermatogenesis in testis.
Zinc finger protein is one kind of transcription factor, which is widely existed in organisms, and plays an important role in cell proliferation, cell differentiation and cell apoptosis (9) (10) (11) (12) . At present, several studies demonstrated that zinc finger protein was expressed specifically in testis, such as ZNF230 (13) , ZNF105 (14) and ZNF300 (15) , and closely associated with spermatogenesis and male reproduction. ZNF185, also known as ZFP185, is belonging to the ZNF family and identified by Heiss for the first time in 1997 (16) . ZNF185 is located on DXS52 region of the long arm of chromosome Xq28 (16) , with a LIM zinc-binding domain at the C terminus and an actin-targeting domain at the N terminus (17) . The previous study indicates that ZNF185 is involved in cell proliferation and cell differentiation (18, 19) . However, the relationship between ZNF185 and male reproduction is unknown.
In this study, we investigated the expression and localization of ZNF185 in mouse testis by qPCR, western blotting and immunofluorescence. Finally, we studied the effects of ZNF185 on testosterone secretion, cell cycle and cell apoptosis by lentiviral mediated RNA interference.
Materials and methods
Animals and tissue preparation. Thirty ICR male mice (2-week, 10-week and 60-week-old; n=10 in each group) were purchased from Weifang Medical University Animal Center (Weifang, China). The mice were sacrificed to obtain testis tissue and sperm used for following study. Animal care and experimental procedures were carried out according to the Animal Research Committee guidelines of Weifang Medical University. The protocol was approved by the Ethics Committee of Animal of Shandong (permit no. 20100326).
The isolation and culture of Leydig cell and Sertoli cell. The isolation and culture of Leydig cell was performed as previous study (20) . Briefly, the mouse testes were transferred to a centrifuge tube containing 0.75 mg/ml collagenase IV (Sigma, St. Louis MO, USA) and digested for 20 min at 37˚C. After termination of digestion, the supernatant was centrifuged at 200 g for 5 min. The supernatant was discarded, and then the pellet was resuspended in Dulbecco's modified Eagle's medium (DMEM; Invitrogen, Shanghai, China) supplemented 10% fetal bovine serum (FBS; Gibco, Shanghai, China) at 37˚C and 5% CO 2 .
The isolation and culture of Sertoli cell was performed as previous study (21) . In brief, the seminiferous tubules of testes were washed by phosphate-buffered saline (PBS) and incubated using 3 mg/ml collagenase I for 20 min at 37˚C on the shaker, and then washed three times using DMEM medium. After washing three times, the samples were further digested using 3 mg/ml collagenase I, 1 mg/ml trypsin (Sigma) and 2 mg/ml hyaluronidase (Sigma) for 20 min at 37˚C. Finally, the pellet was resuspended and transferred into DMEM supplemented 10% fetal bovine serum and incubated at 37˚C and 5% CO 2 .
Immunofluorescence. Immunofluorescence studies were performed on mouse testis sections and cells (Leydig cells, Sertoli cells and sperm) using anti-ZNF185 antibodies (Santa Cruz Biotechnology, Inc., Dallas, TX, USA), as described previous study (22) 
qPCR. The mRNA level of ZNF185 expression in mouse testis was detected by qPCR using SYBR Premix Ex Taq kit (Takara Bio, Dalian, China). The primer sequence of ZNF185 was as follows: Forward, 5'-CTC CCA GCA TCG CCC CTC TAA G-3'; reverse, 5'-GCC TGG GAC CTC CGT TTC TGC T-3'. The primer sequence of β-actin was as follows: Forward, 5'-CGT TGA CAT CCG TAA AGA CC-3'; reverse, 5'-ACA GTC CGC CTA GAA GCA C-3'. The total volume of reaction mixture is 20 µl, containing 2 µl of cDNA, 0.4 µl Dye, 0.6 µl of each primer, 10 µl SYBR and 6.4 µl H 2 O. Each reaction was performed in triplicate. The data was analyzed by the 2 -∆∆Cq method (23) .
Western blotting. Mouse testis tissue and cells were homogenized and treated by lysis buffer kit (Beyotime Institute of Biotechnology, Shanghai, China). The concentration of protein was determined using BCA assay kit (Beyotime Institute of Biotechnology). The proteins were subjected to SDS-PAGE and then transferred to the PVDF membrane. The membrane was blocked by 5% milk and incubated overnight with anti-ZNF185 and anti-β-actin (Beyotime Institute of Biotechnology) at 4˚C.
After washing by PBST, the membrane was incubated with the secondary antibody (Beyotime Institute of Biotechnology) for 1.5 h at room temperature. Finally, the reaction bands were detected using the enhanced chemiluminescence reaction kit (ECL; Beyotime Institute of Biotechnology).
Cell preparation. To investigate the relationship between ZNF185 and testosterone secretion, different concentrations of LH were used to stimulate the testosterone secretion of Leydig cells. After the addition of LH, Leydig cells were cultured for 24 h, and then the supernatants were collected for testosterone assay and the cells were collected to detect the expression of ZNF185.
To further study the role of ZNF185 in regulation of testosterone secretion, the lentiviral mediated RNA interference targeting ZNF185 was constructed by Sangon Biotech (Shanghai, China), which was transfected into Leydig cells to knockdown the ZNF185 expression.
Testosterone measurement. To determine the effect of ZNF185 knockdown on testosterone secretion in Leydig cells, the cells were cultured for 48 h. The cells were trypsinized and centrifuged at 500 g for 10 min. Subsequently, the culture supernatants were collected for testosterone analysis using the testosterone test kit (Mlbio, Shanghai, China) according to the manufacturer's instructions.
Cell cycle and cell apoptosis analysis. Leydig cells were harvested and centrifuged at 200 g for 15 min. After washing by PBS, the cells were fixed by 70% ethanol. Subsequently, the cells were incubated in PBS with propidium iodide (PI, 5 µg/ml) and RNase (200 µg/ml) for 30 min at room temperature. Finally, the cell cycle was assessed by flow cytometric analysis.
Leydig cells were collected and centrifuged at 200 g for 15 min. After removing the supernatant, the cells were washed by ice-cold PBS. The cells were then resuspended in binding buffer, and incubated in binding buffer containing PI (5 µg/ml) and Annexin V (5 µg/ml) for 30 min at room temperature. Ultimately, the cell apoptosis were assessed by flow cytometric analysis, according to the manufacturer's instructions.
Statistical analysis. Statistical comparisons were evaluated by an independent sample t-test. Data were expressed as mean ± SE, and P<0.05 was considered to indicate a statistically significant difference. The SPSS software version 19.0 (SPSS, Inc., Chicago, IL, USA) was used for analysis.
Results
The localization and expression of ZNF185 in the testis of mouse. The localization of ZNF185 in the testis of mouse was detected by immunofluorescence (Fig. 1) . The in vivo experimental results showed that ZNF185 was present in Leydig cell, Sertoli cell and sperm. Nevertheless, the expression of ZNF185 in Leydig cell and sperm was significantly higher than Sertoli cell (P<0.05, Fig. 1A ). The in vitro experimental results showed that ZNF185 was mainly localized in the cytoplasm of Leydig cell and Sertoli cell, as well as the head and tail of the sperm (Fig. 1C) .
Subsequently, the expression of ZNF185 in Leydig cell, Sertoli cell and sperm was studied by real-time PCR and western blot. The PCR results showed that the expression of ZNF185 in sperm was significantly higher than Leydig cell and Sertoli cell (P<0.05), while the expression of ZNF185 in Leydig cell was significantly lower than sperm, but higher than Sertoli cell (P<0.05, Fig. 1B) . Western blot was used to further validate the expression of ZNF185. As shown in Fig. 1D , the protein expression level of ZNF185 was significantly higher in Leydig cell and sperm compared with Sertoli cell (P<0.05), and there was no significant difference between them (P>0.05).
The expression of ZNF185 in different developmental stages of mouse testis. The ZNF185 expression in mouse testis aged 2 weeks, 10 weeks and 60 weeks was evaluated by real-time PCR and western blot. The results showed that ZNF185 was expressed in all detected time points, and the protein expression pattern of ZNF185 was similar to the mRNA expression, with age-dependent manner (Fig. 2) . The expression of ZNF185 in the testis of 10 week old mouse was significantly higher than 2 week old group and 60 week old group (P<0.05). The expression of ZNF185 in the testis of 60 week old mouse was lower than 10 week old group (P>0.05), while significantly higher than 2 week old group (P<0.05).
LH treatment up-regulated the ZNF185 expression and testosterone secretion. Using different concentrations of LH to stimulate the Leydig cell, subsequently, the ZNF185 expression was studied by real-time PCR and western blot, and the testosterone concentration was detected by ELISA. The results showed that LH could up-regulate the expression of ZNF185 and testosterone secretion, with concentration-dependent manner (Fig. 3) . With the increase of LH concentration, the expression of ZNF185 and testosterone secretion was also elevated. Compared with the control group, the expression of ZNF185 and testosterone secretion in 0.01 IU/ml group was significantly higher (P<0.05). Further statistical analysis showed that ZNF185 expression was significantly positively correlated with testosterone secretion (r 2 =0.92, P<0.05).
Lentiviral mediated RNA interference inhibited the ZNF185 expression and testosterone secretion.
In order to further study the role of ZNF185 in testosterone secretion, the lentiviral mediated RNA interference targeting ZNF185 was constructed (Fig. 4) . The Leydig cells of testis were transfected by the lentivirus, subsequently, the ZNF185 expression was investigated by qPCR and western blotting. The results showed that the lentivirus could significantly inhibit the ZNF185 expression in mRNA and protein level compared to the control (P<0.05, Fig. 4A and C) . After transfection by the lentivirus, the testosterone secretion level in Leydig cells was detected by ELISA. The results showed that the testosterone secretion level in the lentiviral mediated RNA interference group was significantly lower than the control group (P<0.05, Fig. 4B ). This result indicated that ZNF185 was closely associated with the testosterone secretion. 
Knockdown of ZNF185 expression did not affect cell cycle and cell apoptosis of Leydig cells.
After transfection by the lentivirus, the cell cycle and cell apoptosis were tested by flow cytometry. The results showed that knockdown of ZNF185 expression did not significantly affect cell cycle and cell apoptosis compared to the control (P>0.05, Fig. 5) .
Discussion
Recently, studies demonstrated that several zinc finger proteins including ZNF230 (13), ZNF105 (14) and ZNF300 (15) were expressed specifically in testis and closely related to spermatogenesis and male reproduction. ZNF185 also belongs to the zinc finger protein family. However, the role of ZNF185 in male reproduction is unknown.
In our present study, we demonstrated that ZNF185 was highly expressed in Leydig cells of the mouse testis and involved in the secretion of testosterone for the first time. Furthermore, the results of immunofluorescence showed that ZNF185 was mainly localized in the cytoplasm of Leydig cells and Sertoli cells.
Previous studies have indicated that, in order to satisfy the physiological functions of different developmental stages, the testis show stage-specific gene expression pattern (24) (25) (26) . Consequently, we investigated the expression pattern of ZNF185 in mouse testis at different developmental stages in this study. The results showed that ZNF185 was expressed with age-dependent manner. The expression of ZNF185 was highest in the testis of 10 week old mouse. The expression of ZNF185 in the testis of 60 week old mouse was lower than 10-week-old group (P>0.05), while significantly higher than 2-week-old group (P<0.05). Taken together, the current results suggested that ZNF185 plays an important role in male reproduction.
To verify whether there was a relationship between ZNF185 and male reproduction, we used different concentrations of LH to deal with Leydig cells, and then detect the expression of ZNF185 and testosterone concentration. The results revealed that LH could up-regulate the expression of ZNF185 and testosterone secretion. Accompanying with the increase of LH concentration, the expression of ZNF185 and testosterone secretion was raised. Further statistical analysis showed that ZNF185 expression was significantly positively correlated with testosterone secretion (r 2 =0.92, P<0.05). It is well known that most of the testosterone in the male is synthesized by the testicular Leydig cells and contribute to the development of Sertoli cells and germ cells (26) . Accordingly, Leydig cells are essential for maintaining normal reproductive activity and the testosterone is involved in the regulation of sexual differentiation, spermatogenesis, maintaining sexual behavior and promoting the development of the accessory sex gland (3-5,27 ). The testosterone secretion of Leydig cells is regulated by various factors which involved in endocrine and paracrine signaling, and these factors are crucial for reproductive activity (26) . Therefore, a variety of specific genes of Leydig cells have been identified as pivotal regulatory factors in the process of reproduction (6) (7) (8) . In this study, the results demonstrated that ZNF185 was highly expressed in Leydig cells of the testis and expressed highest in adult mouse. In addition, we also found that ZNF185 expression pattern was significantly positively correlated with testosterone secretion. As a result, we speculated that ZNF185 was critical for testosterone secretion of Leydig cells.
To further validate whether ZNF185 involved in testosterone secretion, the lentiviral mediated RNA interference was used to knock down the ZNF185 expression in Leydig cells, and then the testosterone secretion was detected. The results showed that the lentivirus mediated RNA interference could significantly inhibit the ZNF185 expression in mRNA and protein level, meanwhile, the testosterone secretion of Leydig cells was decreased obviously. These results demonstrated that ZNF185 was directly involved in testosterone secretion of Leydig cells. However, the mechanism of testosterone secretion in Leydig cells regulated by ZNF185 need to be further studied.
In addition, we investigated the cell biological function, and the results showed that knockdown of ZNF185 expression did not significantly affect cell cycle and cell apoptosis. These results suggested that ZNF185 was not related to the cell cycle and cell apoptosis. Nevertheless, whether ZNF185 involved in other cell biological function need to be explored.
In conclusion, we demonstrated that ZNF185 was highly expressed in Leydig cells of the testis and involved in the secretion of testosterone for the first time. Our results contributed to elucidation of the mechanism of male reproduction, and might provide a target for the treatment of infertility and the development of contraceptive vaccine.
